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In this paper the struture of the next-to-leading (NLO) stati gluon self energy for an anisotropi
plasma is investigated in the limit of a small momentum spae anisotropy. Using the Ward identities
for the stati hard-loop (HL) gluon polarization tensor and the (nontrivial) stati HL verties, we
derive a omparatively ompat form for the omplete NLO orretion to the struture funtion
ontaining the spae-like pole assoiated with magneti instabilities. On the basis of a alulation
without HL verties, it has been onjetured that the imaginary part of this struture funtion
is nonzero, rendering the spae-like poles integrable. We show that there are both positive and
negative ontributions when HL verties are inluded, highlighting the neessity of a omplete
numerial evaluation, for whih the present work provides the basis.
PACS numbers: 11.10Wx, 11.15Bt, 12.38Mh
I. INTRODUCTION
The diulties in explaining the strong olletive phenomena observed at the Relativisti Heavy Ion ollider (RHIC)
[1℄ by perturbative QCD at nite temperature have led to extensive studies of the onsequenes of the inevitable
presene of non-Abelian plasma instabilities [2, 3, 4℄ in a plasma with momentum-spae anisotropy. To leading order
in the oupling and for small gauge eld amplitudes, the dynamis of plasma instabilities are determined by the
generalization of the hard-thermal-loop (HTL) [5, 6, 7℄ gauge boson self-energy to anisotropi situations [8, 9, 10, 11℄.
In equilibrium, it is well known that non-bilinear terms in the HTL eetive ation [12, 13℄ are important at
next-to-leading order (NLO). In order to obtain omplete NLO orretions to HTL dispersion laws suh as plasmon
damping onstants, one must resum both propagators and verties [14, 15, 16, 17, 18, 19℄. In anisotropi systems, the
non-bilinear terms in the orresponding hard-loop (HL) eetive ation [20℄ are important for the dynamis of non-
Abelian plasma instabilities at large gauge eld amplitudes, whih has been studied using real-time lattie simulations
[21, 22, 23, 24, 25, 26℄. Up to now, analyti alulations at NLO in anisotropi systems have been onsidered
prohibitively diult. In addition to the obvious tehnial diulties assoiated in dealing with expressions that
ontain huge numbers of terms, these alulations ontain new oneptual problems arising from the fat that the
anisotropi gluon propagator ontains non-integrable spae-like poles.
In perturbative estimates of jet quenhing and momentum broadening in the anisotropi quark-gluon plasma, suh
non-integrable singularities also appear [27, 28℄. It has been suggested in [27℄ that the stati gluon self energy might
develop a non-zero imaginary part at NLO that regulates these singularities. In thermal equilibrium, the imaginary
part of the stati gluon self energy, whih is an odd funtion of the frequeny, vanishes due to the KMS ondition
[29℄. In the anisotropi ase, it seems possible that there is a nite, disontinuous ontribution. Ref. [27℄ provided
support for this onjeture in the form of a partial alulation of the anisotropi NLO stati gluon self-energy. This
alulation inluded however only a tadpole diagram with a bare four-vertex.
In this paper, we provide the basis for a omplete analyti alulation of the anisotropi NLO stati gluon self-
energy. In the HTL ase, only stati loop momenta have to be onsidered, no fermion loops ontribute, and all HTL
vertex orretions vanish [30℄. However, the anisotropi HL vertex orretions do not vanish in the stati limit [20℄.
The relevant diagrams are shown in Fig. 1 (sine the ghost self energy vanishes at leading order, the ghosts do not
need to be resummed). The solid dots indiate leading order propagators and verties whih are obtained from the
hard loop (HL) eetive ation [20℄. The third diagram is the HL ounterterm whih must be subtrated to avoid
double ounting.
In this paper, we give an analyti result for the integrand orresponding to the diagrams in Fig. 1. After extensive
algebrai manipulations, the nal expression has a relatively simple form, beause of anellations that our between
dierent ontributions from the tadpole and bubble ontributions. We divide the result into `tadpole-like' ontributions
(whih ontain only one HL propagator) and `bubble-like' ontributions (whih ontain two HL propagators). We
2alulate the ontribution from `tadpole-like' ontributions with a bare vertex. We ompare our result with the
(orreted) result of [27℄ for the tadpole diagram (without taking into aount anellations with the bubble diagram)
with a bare vertex.
FIG. 1: The diagrams that ontribute to stati gluon self energy. All lines orrespond to gluon propagators. The dots indiate
hard loop propagators and verties. The ross denotes the HL ounterterm.
II. NOTATION AND HARD ANISOTROPIC LOOPS
In this setion we dene our notation for the anisotropi HL quantities and give the expliit form of the stati HL
propagator in Feynman gauge.
At zero temperature, eld theory an be formulated ovariantly. At nite temperature, ovariane is broken by the
vetor uµ = (1, 0, 0, 0) whih speies the rest frame of the thermal system. For anisotropi systems we need (in the
simplest ase) one additional vetor to speify the diretion of the anisotropy. We onsider the ase in whih there is
one preferred spatial diretion along whih the system is anisotropi (in planes transverse to this vetor the system is
isotropi). In the ontext of heavy ion ollisions, we an take this diretion to be the beam axis (zˆ) along whih the
initial expansion ours.
A. Distribution Funtions
We dene the isotropi partile distribution:
fiso(p) = 2Nf [n(p) + n˜(p)] + 4Ncn
g(p) (1)
In equilibrium, we have
neq(p) =
1
e(p−µ)/T + 1
; n˜eq(p) =
1
e(p+µ)/T + 1
; ngeq(p) =
1
ep/T − 1 (2)
We dene the Debye mass from the equilibrium distribution
1
m2D = g
2
∫
d3p
(2π)3
feq(p)
p
= −g
2
2
∫
d3p
(2π)3
df(p)
dp
=
1
3
Ncg
2T 2 +
1
6
Nfg
2
(
T 2 +
3
π2
µ2
)
. (3)
Following [9, 10℄, we an onstrut an anisotropi distribution from any isotropi distribution of the form fiso(p
2)
by writing
f(~p) = fiso(p
2 + ξ(~p · zˆ)2) (4)
where ξ > −1 is the anisotropy parameter. A value ξ > 0 orresponds to a ontration of the distribution and
0 > ξ > −1 orresponds to a strething of the distribution. In this paper we restrit ourselves to weakly anisotropi
systems for whih |ξ| ≪ 1.
[1℄ In Ref. [9, 10℄ Eq. (3) diers by a fator of 2 and Eq. (1) diers by a fator 1/2. The denition of the Debye mass is the same.
3B. Projetion Operators
Following [31℄ we onstrut the vetor
ni(k) = (δij − kikj/k2)δj3 = δi3 − kik(3)/k2 ; k(3) := ~k · zˆ = kjδj3 (5)
whih satises n(k)i ki = 0. Throughout this paper we will frequently use the indies {k, q, r} to denote momentum
arguments. For example: we will write nik := n
i(k). We also use Latin letters {i, j, l, t, · · ·} to denote spatial indies,
with the exeption that the indies k, q, r are reserved and used exlusively to denote momenta. Using the vetor in
(5), we onstrut the projetion operators:
P 1ij = δij −
kikj
k2
; P 2ij =
kikj
k2
; P 3ij = −
kikj
k2
− n
k
i n
k
j
n2k
+ δij ; P
4
ij = kjn
k
i + kin
k
j ; P
5
ij = P
1
ij − P 3ij (6)
whih satisfy:
P 1ilP
1
lj = P
1
ij ; P
1
ilP
2
lj = 0 ; P
1
ilP
3
lj = P
3
ij ; P
1
ilP
4
lj + P
4
ilP
1
lj = P
4
ij (7)
P 2ilP
2
lj = P
2
ij ; P
2
ilP
3
lj = 0 ; P
2
ilP
4
lj + P
4
ilP
2
lj = P
4
ij
P 3ilP
3
lj = P
3
ij ; P
3
ilP
4
lj = 0
P 2ilP
5
lj = 0 ; P
3
ilP
5
lj = 0 ; P
4
ilP
5
lj = P
4
ij ; P
5
ilP
5
lj = P
5
ij
kiP
1
ij = kiP
3
ij = kikjP
4
ij = kiP
5
ij = 0
nki P
1
ij = n
k
j ; n
k
i P
2
ij = n
k
i P
3
ij = 0 ; n
k
i n
k
jP
4
ij = 0 ; n
k
i P
5
ij = n
k
j
TrP 1 = 2 ; TrP 2 = TrP 3 = TrP 5 = 1 ; TrP 4 = 0
C. Lowest Order Self Energy
We dene the polarization tensor using the relation:
D−1µν (K) = (D
0
µν)
−1 −Πµν = −(gµνK2 +Πµν) (8)
The HL gluon self energy is gauge invariant and satises the usual Ward identity: KµΠµν = 0. Consequently, we
only need to alulate the spatial omponents. At nite temperature, there are two independent omponents whih
are alled the transverse and longitudinal parts. For anisotropi systems the self energy an be deomposed into four
independent struture funtions:
Πkij = P
1
ijαk + P
2
ij β¯k + P
5
ij γk + P
4
ij δ¯k (9)
The struture funtions are alulated from:
x = P(x)ijΠij ; x ∈ {α, β¯, γ, δ¯} (10)
P(α)ij = P 3ij ; P(β¯)ij = P 2ij ; P(γ)ij = P 1ij − 2P 3ij ; P(δ¯) = P 4ij/(2k2n2k)
In the limit of small anisotropy parameter ξ, the lowest order results are [9, 10℄:
αk =
k20m
2
D
k2
+ ξ
((
5− 7n2k
)
k20m
2
D
3k2
− 1
3
(1− n2k)m2D
)
+ i
((
2− 3n2k
)
πξk0m
2
D
8k
+
πk0m
2
D
4k
)
β¯k =
(
3n2k − 1
)
ξk20m
2
D
3k2
− k
2
0m
2
D
k2
γk = ξ
(−4n2kk20m2D
3k2
+
1
3
m2Dn
2
k
)
− in
2
kπξk0m
2
D
4k
δ¯k =
7k(3)ξk20m
2
D
3k4
+
ik(3)πξk0m
2
D
4k3
(11)
For onveniene we dene:
k0δk := δ¯k ; k
2
0βk := β¯k (12)
4D. Propagator
We alulate the stati propagator in the ovariant gauge (with Feynman gauge parameter) by inverting (8). This
inversion is ompliated by the fat that the anisotropi propagator depends on the two xed vetors (1,0,0,0) and
(0,0,0,1), as well as the 4-momentum Kµ. The method is desribed in [31℄. The result is:
Dij(k) = −P 2ij
1
k2
−GA(k)P 3ij + n2kFD(k)P 5ij (13)
D0i(k) = FB(nk)i
D00 = FC(k)
FB(k) = δkGB(k)
k2FC(k) = (k
2 + αk + γk)GB(k)
n2kFD(k) = βkGB(k)
G−1A (k) = k
2 + αk
G−1B (k) = (1− βk)(k2 + αk + γk) + k2n2kδ2k
In the small-ξ limit, the result (11) implies that GB has a pole at negative k
2 = −m2D +O(ξ), whih orresponds
to the usual eletri (Debye) sreening. For non-vanishing ξ spae-like poles also appear. Writing kˆ · zˆ = cos θ, and
n2k = 1− (kˆ · zˆ)2 = sin2 θ, we nd that these spae-like poles appear at:
GB(k) : k
2/m2D =
1
3
ξ (1 − 2n2k) =
1
3
ξ cos 2θ (14)
GA(k) : k
2/m2D =
1
3
ξ (1− n2k) =
1
3
ξ cos2 θ
When ξ is positive, orresponding to an oblate partile distribution, GB(k) has a spae-like pole for π > θ > 3π/4
and π/4 > θ > 0. For ξ negative, the spae-like pole ours for 3π/4 > θ > π/4. GA(k) has a spae-like pole for any
positive value of ξ unless kˆ · zˆ = 0. These poles of GA orrespond to the magneti Weibel instability [32℄.
E. Verties
In this setion we give our notation for the HL verties [20℄. We dene:∫
p
:=
d3p
(2π)3
∣∣∣
p0=p
; Pˆµ := (1, pˆi) ; Iˆβ :=
g2
2
∫
p
∂f
∂P β
(15)
The 2-point funtion is:
Πµνab := δabΠ
µν ; Πµν := Iˆβ Pˆ
µΠˆνβ ; Πˆνβ :=
(
gνβ − Pˆ
νQβ
P ·Q
)
(16)
The 3-point funtion is
2
Γµνλabc := igfabcΓ
µνλ
(17)
Γµνλ := IˆβP
µP νPλΓˆβ
Γˆβ :=
Kβ
Pˆ ·K Pˆ ·Q −
Rβ
Pˆ ·Q Pˆ ·R
[2℄ In Ref. [20℄ there is a missing fator (-1) in Eq. (35)
5The 4-point funtion is
3
Mµνλσabcd := −2g2
(
XabcdM
µνλσ + 2 cyclic permutations
)
; Xabcd = tr (Td[Tc, [Tb, Ta]]) (18)
Mµνλσ := IˆβPˆ
µPˆ νPˆλPˆ σMˆβ
Mˆβ := − K
β
Pˆ ·K Pˆ ·Q Pˆ · (Q+ L) −
Kβ +Qβ
Pˆ ·Q Pˆ · L Pˆ · (L+ S) −
Kβ +Qβ + Lβ
Pˆ · L Pˆ · S Pˆ · (K + S)
Momenta are taken to be inoming. When the momentum arguments are not written expliitly, they are taken to be
in the order (K,Q,R = −K −Q) for the 3-point funtion and (K,Q,L, S = −K − Q − L) for the 4-point funtion.
The HL verties satisfy the Ward identities:
KµΓ
µνλ(K,Q,R) = Πνλ(Q)−Πνλ(R) (19)
KµM
µνλσ(K,Q,L, S) = Γνλσ(Q,L,−L−Q)− Γνλσ(−L− S,L, S)
The tadpole form of the 4-point vertex has a simpler form:
Mµνλσabcc (Q,−Q,K,−K) := 2g2CAδab Mµνλσ(Q,−Q,K,−K) (20)
Mµνλσ(Q,−Q,K,−K) = −2IˆβPˆµPˆ νPˆλPˆ σ
(
KβPˆ ·Q−QβPˆ ·K
P ·K P ·Q ((P ·K)2 − (P ·Q)2)
)
This vertex satises the Ward identities:
KλM
µνλσ(Q,−Q,K,−K) = −2Γµνσ(K,Q,−K −Q) (21)
KλKσM
µνλσ(Q,−Q,K,−K) = 2Πµν(−K −Q)− 2Πµν(Q)
We also dene the bare verties:
(Γ0)
µνλ
abc = igfabcΓ
µνλ
0 (22)
Γµνλ0 = −gµν(Kλ −Qλ)− gλν(Qµ −Rµ)− gλµ(Rν −Kν)
(M0)
µνλσ
abcc (Q,−Q,K,−K) = 2g2CAδab Mµνλσ(Q,−Q,K,−K)
Mµνλσ0 = −gλνgµσ − gλµgνσ + 2gλσgµν
Using these denitions we write the integrand orresponding to the rst two diagrams in Fig. 1 as:
Πµν(Q) =
1
2
g2 CA δab T
∫
d3k
(2π)3
[
(Γ0 + Γ)λµτDλλ′(K)(Γ
0 + Γ)λ
′ντ ′Dττ ′(R) + (M
0 +M)µνλσDλσ(K)
]
. (23)
The order of the momentum variables is (K,Q,R) for the 3-point funtions and (Q,−Q,K,−K) for the 4-point
funtions. Eq. (23) is to be understood as restrited to the stati ase and small momentum anisotropy suh that the
prefator of the integral is simply the temperature T of the isotropi distribution funtion (2).
III. INTEGRAND FOR αNLO
We alulate the NLO ontribution to α whih is obtained from (10) as:
αNLO = P
3
ij(q)Πij(q) , (24)
with Πij(q) as given in (23). The resulting integrand an be rewritten in a omparatively ompat form. The method
is similar to the alulations of the integrands that give the NLO equilibrium gauge boson polarization [14℄, and
the NLO equilibrium fermion self energy [15, 16, 18℄. The basi proedure is as follows. We substitute the stati
propagator as given in Eq. (13). Then we use the Ward identities in Eqs. (19) and (21). This produes fators
[3℄ In Ref. [20℄ there is a missing fator (-1/2) in Eq. (39) and a missing i in Eq. (38)
6proportional to omponents of the HL polarization tensor in the numerator. These fators an be expressed as piees
of inverse propagators, whih anel with the orresponding omponents of the original propagators. This proedure
allows us to identify anellations between various piees of the rst two diagrams shown in Fig. 1. We divide the
result into several types of ontributions: (i) terms in whih all fators of the HL propagator have anelled; (ii)
tadpole-like terms whih ontain only one propagator; (iii) bubble-like terms that ontain two propagators and no
HL verties; (iv) bubble-like terms that ontain two propagators and one HL vertex; and (v) bubble-like terms that
ontain two propagators and two HL verties. We thus write
αNLO =
1
2
g2 CA δab T
∫
d3k
(2π)3
[
5∑
i=1
I(i) ] (25)
where the result for the various ontributions to the integrand I(i) are given below. To ompatify the expression we
use the notation:
Pkqf(k, q) := f(k, q) + f(q, k) (26)
Rkqrf(k, q, r) := f(k, q, r) + f(q, r, k) + f(r, k, q)
F(k, nk, µ, ν) = gµ3gν3FD(k)− (gµ3gν0 + gµ0gν3)FB(k) + gµ0gν0FC(k)
The separate integrands then read:
(i) terms in whih all fators of the HL propagator have anelled:
I(1) = −2
(
q2 + r · k)
k2r2
+
2(2r · k − 5k3r3)
k2r2n2q
(27)
(ii) tadpole-like terms:
I(2) = 4GA(k)Pkq
(
−
(
2r2 − q · k)
r2
− 2 (k3q3 − q · k)
r2n2kn
2
q
+
(
2k2 + q2 − k3 (r3 − q3)
)
r2n2q
)
(28)
+4GA(k)Pkq
(
− q · k
q2r2
+
(q · k − k3q3)
q2r2n2q
− q3r3
q2r2n2k
)
γq
−1
2
GA(k)Pkq
(
M3333
n2kn
2
q
+M
iijj
− 2Mii33
n2q
)
+
4q3r3δqFB(k)
r2
+
(
2
n2q
− 10
)
FC(k)
+4
(
2k2n2k
r2n2q
+
(
2q2 + r23
)
r2
+
4 (q · k − k3q3)
r2n2q
− q3r3γq
q2r2
)
FD(k)
− 1
q2n2q
F (k, nk, µ, ν)
((
Mµν33 −Mµνiin2q
)
q2
)
(iii) bubble-like terms with no HL verties:
I(3) = −GA(k)Pkq 2
q2
k3q3δk
(
q2δqFC(r)− 2γqFB(r)
)
(29)
−GA(k)Pkq 2
k2q2
k3q3γkγqFD(r)
+GA(k)Pkq 4
n2k
(
n2k
(
n2q + 1
)− 2n2q) (q2δqFB(r) − γqFD(r))
+8q2n2qδqFB(r) (FC(k)− FD(k))
+4q2βq (FB(k)FB(r) − FC(k)FC(r))
+4n2qγq (FD(k)FD(r) − FB(k)FB(r))
+GA(k)GA(r)Rkqr
(
q2
k2r2
+
n2qq
2
k2r2n2kn
2
r
+
2
(
r2
(
n2r − 1
)− q2n2q)
k2r2n2k
− 2k3r3
k2r2n2q
)
γkγr
7+GA(k)GA(r)Rkqr 4
n2kn
2
r
((
n2k − 1
)
n2r − n2q
(
n2r − 1
))
γq
− (q2n2q + 8r · k − 8k3r3)FD(k)FD(r) + 2 (q2 + 8r · k − 6k3r3)FB(k)FB(r)
−
(
q2 + 8r · k n2q − 4k3r3
)
FC(k)FC(r)
n2q
+GA(k)FD(r)Pkq
(
2
(
1− n
2
r
n2q
)
r2 + 10
(
1− 1
n2q
)
(k2n2k − r2n2r)
)
+GA(k)GA(r)Rkqr
(
5k2n2k
(
1
n2q
+
1
n2r
− 1
n2qn
2
r
)
− 4q2 + 2q
2
n2q
)
(iv) bubble-like terms with one HL vertex:
I(4) = GA(k)GA(r)Rkqr 4
n2kn
2
q
q3
(
Γ333 − n2qTrΓ3
)
(30)
− 2
n2q
F (k, nk, µ, λ)F (r, nr, ν, τ)
(
gµ0gν0 − gµ3gν3n2q
)
(k3 − r3) Γλτ3
+GA(k)Pkq 4
n2q
F (r, nr, 3, λ)
(
(q3 − r3) Γλ33 − n2qq3trΓλ
)
(v) bubble-like terms with two HL verties:
I(5) = GA(k)GA(r)Rkqr
(
− Γ
2
333
3n2kn
2
qn
2
r
+
1
3
Γ · Γ− Γ3 · Γ3
n2r
+
Γ33 · Γ33
n2kn
2
r
)
(31)
−GA(k)F (r, nr, µ, ν)Pkq
(
−2Γµ3 · Γν3
n2q
+ Γµ · Γν + Γµ33Γν33
n2kn
2
q
)
+F (k, nk, µ, ν)F (r, nr, λ, τ)
(
Γµλ · Γντ − Γµλ3Γντ3
n2q
)
IV. IMAGINARY PART OF TADPOLE-LIKE TERMS
We have evaluated numerially the imaginary part of the tadpole-like terms given in (28) with the HL verties set to
zero. The result is given in Fig. 2. We ompare with the result of [27℄ for the tadpole diagram with a HL propagator
and a bare vertex (see Appendix A):
Im αNLO = −
√
3
1024π
g2T
√
ξmDNc
(
56 + 5
√
2 log
(
3− 2
√
2
)
− 5
√
2 log
(
3 + 2
√
2
))
(32)
0.2 0.4 0.6 0.8
5
10
15
20
FIG. 2: (Color online) The result for αNLO as a funtion of q3/q for the simple tadpole (the (red) straight line) as given in Eq.
(32), and for the `full'-tadpole (the (blue) urve) as given in Eq. (28). The fator Nc
√
ξmDg
2T/(16pi2) has been extrated.
8By onsidering only the tadpole diagram with a HL propagator but a bare vertex, Ref. [27℄ has obtained an
imaginary part Im α whih is of the order gm2D and stritly negative. Our result, whih inludes also ontributions
from the bubble diagram with HL verties where the latter have anelled one of the two HL propagators, shows that
this nding is not generi as far as the sign of the result is onerned. Evidently, the omplete stati NLO gauge
boson self energy ontains positive as well as negative ontributions to the imaginary part, and it remains to be seen
whether a omplete numerial evaluation of the expressions that we have presented here will lead to a nonzero result.
V. CONCLUSIONS
The main result of this paper is a relatively simple result for the integrand that gives the omplete NLO ontribution
to the α omponent of the gluon self energy, in the stati limit. We have alulated analytially the ontribution to the
imaginary part from `tadpole-like' terms, by whih we mean ontributions whih involve only a single HL propagator
after Ward identities have been used to redue the diagram involving two HL propagators and two HL 3-verties. The
result is of the order predited in [27℄, but the tadpole-like ontribution is not stritly negative.
Indeed, from previous experiene with equilibrium hard thermal loop alulations, one would expet anellations
between the various ontributions to the full integral. For the equilibrium ase, the KMS onditions atually guarantee
that the imaginary part of the self energy is zero in the stati limit, at all orders. Out of equilibrium, the result must
be odd in the frequeny, whih means that any nonzero result must ontain a disontinuity at vanishing frequeny.
The existene of this disontinuity at the order gm2D has been onjetured in [27℄ and used for a perturbative estimate
of the order of magnitude of jet quenhing and momentum broadening parameters [27, 28℄. In order to determine
whether there is in fat a non-zero ontribution to the imaginary part of the omplete stati gluon self-energy at
next-to-leading, the full integral, as given in Eqs. (28)(31), must be evaluated numerially. This alulation, whih
involves some nested integrations with highly nontrivial integrands, is in progress.
APPENDIX A: COMPARISON WITH REF. [27℄
In this Appendix we point out a few errors that ourred in the alulation of the tadpole diagram with bare vertex
whih was presented in the Appendix of Ref. [27℄. The main mistake is the inorret assumption [33℄ of a relation of
the form δijΠij ∝ niqnjqΠij whih leads to the inorret simpliation:
β = 0 (A1)
2α+ γ = δijΠij . (A2)
However, the results given in Ref. [27℄ do not satisfy (A2) beause of typographial errors. We write below the results
from [27℄ for αNLO and γNLO from Eq. (A3) of that paper, with an extra fator
√
2 in front of the logs, and an extra
fator (-1) in front of the result for γNLO. These extra fators are written in square brakets.
Im α
NLO[27℄
= − 1
16
√
3π
g2T
√
ξmDNc
(
2− [
√
2]
1
4
log
(
3 + 2
√
2
))(
2− q
2
3
q2
)
(A3)
Im γ
NLO[27℄
= [−1] 1
8
√
3πq2
g2T
√
ξmDNcq
2
3
(
2− [
√
2]
1
4
log
(
3 + 2
√
2
))
These `adjusted' expressions satisfy Eq. (A2). However Eq. (A1) is not valid (not even at leading order).
[1℄ M. J. Tannenbaum, Rept. Prog. Phys. 69, 2005 (2006).
[2℄ S. Mrówzy«ski, Phys. Lett. B214, 587 (1988).
[3℄ Y. E. Pokrovsky and A. V. Selikhov, JETP Lett. 47, 12 (1988).
[4℄ S. Mrówzy«ski, Phys. Lett. B314, 118 (1993).
[5℄ H. A. Weldon, Phys. Rev. D26, 1394 (1982).
[6℄ J. Frenkel and J. C. Taylor, Nul. Phys. B334, 199 (1990).
[7℄ E. Braaten and R. D. Pisarski, Nul. Phys. B337, 569 (1990).
[8℄ S. Mrówzy«ski and M. H. Thoma, Phys. Rev. D62, 036011 (2000).
[9℄ P. Romatshke and M. Strikland, Phys. Rev. D68, 036004 (2003).
[10℄ P. Romatshke and M. Strikland, Phys. Rev. D70, 116006 (2004).
9[11℄ P. Arnold, J. Lenaghan, and G. D. Moore, JHEP 08, 002 (2003).
[12℄ J. C. Taylor and S. M. H. Wong, Nul. Phys. B346, 115 (1990).
[13℄ E. Braaten and R. D. Pisarski, Phys. Rev. D45, 1827 (1992).
[14℄ E. Braaten and R. D. Pisarski, Phys. Rev. D42, 2156 (1990).
[15℄ E. Braaten and R. D. Pisarski, Phys. Rev. D46, 1829 (1992).
[16℄ R. Kobes, G. Kunstatter, and K. Mak, Phys. Rev. D45, 4632 (1992).
[17℄ H. Shulz, Nul. Phys. B413, 353 (1994).
[18℄ M. E. Carrington, Phys. Rev. D75, 045019 (2007).
[19℄ M. E. Carrington, A. Gynther, and D. Pikering, Phys. Rev. D78, 045018 (2008).
[20℄ S. Mrówzy«ski, A. Rebhan, and M. Strikland, Phys. Rev. D70, 025004 (2004).
[21℄ A. Rebhan, P. Romatshke, and M. Strikland, Phys. Rev. Lett. 94, 102303 (2005).
[22℄ P. Arnold, G. D. Moore, and L. G. Yae, Phys. Rev. D72, 054003 (2005).
[23℄ A. Rebhan, P. Romatshke, and M. Strikland, JHEP 0509, 041 (2005).
[24℄ D. Bödeker and K. Rummukainen, JHEP 07, 022 (2007).
[25℄ P. Arnold and G. D. Moore, Phys. Rev. D76, 045009 (2007).
[26℄ A. Rebhan, M. Strikland, and M. Attems, Phys. Rev. D78, 045023 (2008).
[27℄ P. Romatshke, Phys. Rev. C75, 014901 (2007).
[28℄ R. Baier and Y. Mehtar-Tani, Jet quenhing and broadening: the transport oeient qˆ in an anisotropi plasma,
arXiv:0806.0954, 2008.
[29℄ M. Le Bella, Thermal Field Theory (Cambridge University Press, Cambridge, UK, 1996).
[30℄ A. K. Rebhan, Phys. Rev. D48, 3967 (1993).
[31℄ R. Kobes, G. Kunstatter, and A. Rebhan, Nul. Phys. B355, 1 (1991).
[32℄ E. S. Weibel, Phys. Rev. Lett. 2, 83 (1959).
[33℄ We thank Paul Romatshke for disussions of this point.
